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A bstr a ct
lnthefieldcalnPaign･ Ofaむ･surfacehter a ction innorth- w estChina(H EIFE), su rface 凸ux
m e asurem e nts w ere carried out o ver CO mPlexland use are ainaridregion . The c o nb
･
a st
betw e e nde sert and vegetated o asi a re rem arkableinthe s u rfac e r adiatio nbalan c e and
s u rfacehe at bala n ce, A large a m o unt of radiative eTlergylS relcas cd 丘om de sertsurface
andle adtole s s n etr adiatio ntha nthephntcan opys u rfa c e･ Mo st ofthe radiative energy
abs orbed bythe o a si sIJrfa ce a re released asthelatentheatnuxdu eto evapotran spiration.
AnotheriJlter eStingfindingis thediu m al variatio n s ofairte mprerahlre andhumidity. A 止
tem per ature ove r o a sis s u rfac e are low erthaTt Ov er desert thro ugho ut a day and ha v e
larger amplitude of diu r nalv ariatio n･ The significantcvc n mgpeak ofvaporpres su r eis a
char acte ristic ov er oasisin cah71finedays.
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1.Introdtl Ctio n
Fo rthe u ndersta nding ofland-surfa c epr o a s s esinsemi-aridregion ofn o rth- w estChina,
theH E【F Eproject w a splanned as aSin o･Japa nese c o oper ativ eprogr 訂n aS aSub-pr ogr a m
of liA P E X. The e7(Perirn entalar eais situatedin the He xic o rr od rin Gansu province
鑑te nd in837
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15I -42
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,
92
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21l -104
o
O5tE a silustratedin Fig･1･ n e n o rthof the
are ais apart ofe xtending Gobiand/ordes ert. Wh ile, Qilia n m o u ntain sare e xte nd ingin
the s o uth ofthe H EIF Eregion a sa 血po rtant w ater s ourc e. The Heihe riverorighates h
the gla cier s ofQiuan m o untains a nd irrigatcs the rivc rbash. H EIF Ea re a c onsists of
c o mple xla nd u s e c s, s u cha sde s e rt, Gobi, h igated fieldand s o o n. HEme riv e rField
Experim e nt(H EIF E)w a splan n edfo rthe studyofla nd-stlrfa c epr o cx:s ses o verc omplex
la nd u s e are ain this aridregio n.
T hepr oject w as carriedo uth 1989-1 93, andInten sive Obs erv ation Periods(Iop)w er e
s etin･1991 a nd 1992 as丘eldc Eperim ent･ Vdo u skinds of 月1cd m ea s ur c m e nts w e re
c arried o utin clud ing tlpPCrair s o u ndings a nd s u rfa ce obs e rvatio n s at s e v eralba sic
statio7B T ePre Sentingthela ndtlS e Of thcl∝ alar e a･
In thc prese ntpaper, the r esults of s urfa c enu芸 rrleaSu rem entS atdes e rt a nd oasis ar e
s u m marized.
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Fig12 Co mparis oz]s Qfradiation c o mpo n entstN:tW ee n O asis and desertfor2years of F O P
2.Radiatio nfltL X e S
4-c o mponents of radiatio n nu xes we re m e a s u r ed s par由ely at ba sic statio ns.
Do w n welling a nd upw elling sho rtw aveAo ngw ave r adiatio ndata w ere obtain ed fr o m2
s ets ofpyraJI O m et rS(EKO, MS-801)and pyrge o m et rs(EKO, M S･200). Net radiation
w as calc ulated as a s u m of4･ c o mpo nents･ Thedata w e r e obtainedc ontinu o u slyduring
theperiodofFu nda m e ntalObs ervatio nPeriod(FOP;Od1990-Sept199 2)as a30min utes
m e aJI Valu es.
Fig･2show s the c o mpariso n ofradiatio n compo nentsbetw een Zha ng ye oasis a nd des e rt
as adailyintegr ated valtle S･ Itis cle a rlyobs er v edthatdo w n w eningshortw aveAo ngw a ve
r adiatio n s(Si,LI)ar e alm o stidentical betw ec nthetw o sites, w hichis separa red by
about80km ･ While upw elling radiations ar erem arkablydiffer ent. Fr o mthe upw euing
shortw av er adiation(S千),itisfound thats urfa ceal bedois abotlt0.2 ov er o a si andabout
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o.3 ov e rde s ert, exceptin winte r. In winte r, r eladvely la rge valu es of al bedo w ere
observ ed due to sno w 蝕1 and low s olar a ngles. Upw cllhglongw a v er adiatio n(LI)als o
reflectsthedifferen ce ofst ufa c e c o nditoTl. Fow e ve r, the valu es ar ealm ost equivale ntin
w hterbec atlS e Oflittle vegetatio n ov er oasis stlrfac c･ As a r e sult, re markablediffer e n c e of
netradiatio nflu xPR)ar c observede speciallyin s u mm e r s e as o n･ De s erts u rfa c e can o nly
abs o rbe about tw o-tI血d of o a sis s u rfac edu eto la rge a m o unt oftlPW el 血g radiative
fluxes.
Diu malv a riado n s ofr adi8tive co mpo nents areco mpa red in Fig13 as a cleardaydatain
su m mer･ Dow Ⅱw elling co mponents are alm ostide ntical･ It sho uld be c o m mented that
do wn w el血glo ngw a ve radiatio n mea sur e me nt include the effe cts of do me he血 -g and
sho rtw av eco nt 血 atio n a nd akind ofc o rrectio n w as applied in dlepres entStudy･ When
tho se err o rs ar e rem ov ed, the ditlr nalv aTiatio nis almo st neglected. Wh ile the upw el比1g
sho rtw a v eAo ngw a v e r aditio ndata renect the effe ct ofs u rfa c evegetatio n ov er oasis
surfa ce .
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Fig.3 Co mparis ons of dil]r71alv arjatio ns ofradiatio n co mpo n entstxtw eeJI OaSisOefL)and des ert(ight)
on a sl) m m e r血 e 血y
3.TtLrbuZe nt he at a nd w ate rvapo rfltlX eS
Turbule ntfluxes of heatand w ater vapor(late ntheat)w er e obtain cd wi theddyc oI Telatio n
m ethod du ring the Inten sive Obser vation Period(top). T he tu rbulen ce m e as ur em ent
syste m c o n sist of athre edirn e n sio nals o nic a ne mo m et r
-ther m o meter(Kaijo,D A T-300)
and a n infrared hygT O m et r(Kai3o,AH-300). The syste m als oin clude s 2 sets of
clino m ete rsto mea surethelevel ofthe an e mo meterpr obe. The an e mo meterprobe w as
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fa c ed again st the me an wind dhectio n with a r otatio n system . The turbulen ce data
a cquisition syste m w as ope rated e v ery 2ho u rsthrogho ut the lopto get 30 minutes
statistics.
The eddyc o rr eladon m ethodw asappliedo nlytheTOPa ndititnot en o ughto understand
the s e a s o n al v ariation oftLlrbule nt flu x es. Co ntinu otlS m C aS u rC m e ntS Of s urfa ce layer
pr ofiles w e recarried out with a V A IS AIA M IlβS system duringF O P. The pr ofile
syste m includes thc measur8 皿 entS Of air tem peratureAl uTnidity and whd speed at 5
lev els(20Ⅱl,8m,4m ,2m ,1皿)a nd wind dirc cdo71 at31cvcls(20m,4皿,1m). Co ntim o u sdata
ofs u rfac efluxe s c a nbe obtainedfr ozn pr ofile m cthod withthe u s e ofeddy c orrelatio n
且u ∑data as astandard.
In addido nto the s u rfa c elayerpr ofile m e as u rc m c nt, s oilte mper ahlreh oistu r edata w er e
als o obtained at 5 depths(･5crn, -loa m, -20c m, -40c m, -80e m). Soil he at flu x e s w er e
calc ulated as aintegratio n ofs oiltem peratu re cha nges.
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Fis･4 Co mparis oTI Ofditm la v ariatioT)S Ofsurface加 Ⅹesbetw ee n oasi$OefL)and dese唯 ght)
o n a stlm m e r血1Cday. N R: NetRadiation(solidljzle), G:Soil H呪tFlJX(dashed line),
H:Se nsible fteatFltlX(asterisk), 旭:I.Ble ntfleatF hlX(closedcircle)
4.Stl rfa c ehe at bala n c e
Fig･4 c o mpa re sthe s u rfac eheat bala n c e c o mpo n e nts o n afinedayhsu. m er･ Itis sho wn
thatnetr adiatio nis s m auer in des e rta ndlarge v alu es ofsen sibleheatflu x w e robs e rved.
Wh ile in oasis statio n
,
m o st of the en e rgyis released as late nt he at ca used by
evapotr a n spiratio n&o m vegetateds urfa ce.
Fig.5 indic ates the dailyintegrated slrfa c eheatb alan ce c o mponentin v ario u s seas o ns.
The heightofea ch c ohm n c o rrespondsto net radiatio n a ndturbule ntnuxes of sen sible
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andlatentheata m m arked hthe c olu m n. n e repre sentative v alu e ofthe Bo wen r atio
”/A E)is aboutO･ 2 over oasis a nd3-10overdes crL Thelatent he atf hx c orrespo ndto
s u rfa c eev &potra n spit3do n s of 3･ 4凡61m m(Åug), 1･ 7凡1 1m n(Cut), 0･ 2/0. 03m m(lkc),
2･ 8/(n o n e)m m(May) and 3.9n.31I m(Ju n) as d aily 血tegrated valu es at o asi/des ert.
Du血g BIO P-21 r Cm arkableido w nw a rd se71Sible heatflux w as observ ed during daytim e
ac co mpaniedbyla rge a m o u nt oflate nthe at relc a s cA W ang etall(19 3)haspointed o ut
that this mightbe due to wa rm air adv ectio n丘ozD the suzT O uZld ingdes ert andthis is
co n sideredtobe akhdof "oasis efftct” ･ Conside血gthatd ailyintegr ateds oilheatflu x es
ar ealm o st n egligible, ala rge am o u r[t ofen ergylS m lS S mgeSPe Ciauyin v egetatedsurfa ce .
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Fig･5 Se as o n alv ariatio n ofsudacehe atbudgetc o mpoTlentS ” Zha ng ye oasi a nd desert･ n e height oftlle
colt' m n representthe n etradiatio n ov er aday 町ld lealflt H eS Qfse nsibl岬 a nd late 力t(入E)he atar e
halched inthe colⅦm 7l･ T71e reSidu alsPes)arele血 open. Notl)rb de nthe at 加 Ⅹes w ere obtahed
in BIOP-1 atdesert.
5.Co n cltlSive r e m a rks
Fig･ 6 c olnPar eSthe diu malv ariatio n s ofair te mper atu r e) r elative humi dity and vapor
pres s u re ov e roasis anddes ert, Itisfo u ndthatairtem perature of oasisis alw ayslow er
tha ntht ofdes cr[eve nin nighttim e･ An d itis als ointeresthg that o asi ahtem per atu re
ris e s/rdls m o requicklytha n o verde s er(andle adto ala rger a mplitude of dium alvariatio n.
H o w everlarger amplihlde ofs oiltemper atureis obs 肝 V edatdes ert. This ca nbe attributed
to the differe n c eofheat c apa city of the dry sand aJld w et s oilin the 5eld. An.ther
inter es血g observ ado nis the s]
'
gnificant evening peak of v甲Or pr es s ur e Ov e rOa sis as
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sho w nin thetop丘gu re･ Thisis obser ved in c almfinedays espe ciallyin s um m er･ Fig･ 7
show s the tin1e Series ofairte mpe rature and vapo rp托S S urefo r sevcral daysin Zhangye
o a sis･ Itis cle a rly obs cTVedin the e v en mgs of 15thl16th a nd1 7th a c c o mpa niedby
temper ahlrC Changes･ n es ehtere stingpheno m e n a sho uldbe r elatedto s u rfa c epr o c e sses
of he at a nd w ater b al皿 C e aS Well as des e r(- o a sis interacdo nin clロd血g horiz o ntal
adv e ctio n.
In the HEIF Epr oject, alotofs u rfac e m e as u r eTneT)tS W er e C arriedo ut over v ariou s s u rfa c e
c o ndido n･ Ho w e ve rspatialstudy withre m ote s e n singis very u mited(Masuda,1993;
Zho ng and Wu,1993)･ Wa ng et al･(1 9 5)repo rted aprcu min ary studyofs calhg up of
surfa ce 皿 ea S urerrlentS With L A NDS AT data a ndfu r(herdetailedstudysho tl dbe required
to the understandingofdesert･ o asiinte ractio n o v e rhete r oge neous s u rfa ce.
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SigniflC aTlteV e71iTlg pe aks are observediTI15,16,17th.
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